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Abstract

TheT-matrix method is one of the most powerful and widely used theoretical techniques for the computation of
electromagnetic scattering by single and composite particles, discrete random media, and particles in the vicinity
of an interface separating two half-spaces with different refractive indices. This paper presents a comprehensive
database ofT-matrix publications since the inception of the technique in 1965 through early 2004.
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1. Introduction

Since its formulation in 1965, theT-matrix method has become one of the most powerful, versatile,
and popular theoretical techniques for treating electromagnetic, acoustic, and elastodynamic scattering
by particles and surfaces. The most recent attempt to outline the vast realm of this technique and its
practical applications by compiling a comprehensive publication database dates back to 1988 (Varadan
et al., 1988); that list included151 references.Although toattemptasimilar compilationnowwouldbevery
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important, it is next to impossible. To make the task both useful and practicable, one has to be selective
and to adhere firmly to well defined andmeaningful guidelines. The threemost important restrictions that
we have adopted for this database are the following:

• With a few important exceptions, the database includes only publications dealingwith electromagnetic
scattering.

• As a rule, publications on scattering by isolated infinite cylinders and systems of parallel infinite
cylinders in unbounded space are excluded.

• The database includes only references to books, peer-reviewed book chapters, and peer-reviewed
journal papers.

Even with these restrictions, the database contains more than 700 references.
A critical issue that we faced at the outset of this project was to agree on a definition of theT-matrix

method. The concept of aTmatrix has evolved quite dramatically since it was first introduced by P.C.
Waterman in 1965. From being a minor bi-product of the extended boundary condition method, it has
become the centerpiece of a vast domain of wave scattering science.We hope that we will not step on too
many toes by suggesting the following definition:

In theT-matrix method, the incident and scattered electric fields are expanded in series of suitable
vector spherical wave functions, and the relation between the columns of the respective expansion
coefficients is established by means of a transition matrix (orTmatrix). This concept can be applied
to the entire scatterer as well as to separate parts of a composite scatterer.

It is clear that in the framework of this definition, the classical Lorenz–Mie theory for homogeneous
isotropic spheres and its generalizations for inhomogeneous spherically symmetric particles become a
particular case of theT-matrix approach. Therefore, another inescapable restriction that we had to impose
on this database was to exclude all references dealing with individual spherically symmetric scatterers.
We hope that the reference list of the recent monograph byBabenko et al. (2003)will be at least a partial
remedy for this deficiency.
In addition to compiling a unified masterlist ofT-matrix publications on electromagnetic scattering by

particles, we have tried tomake the databasemore useful by classifying the various references into a set of
narrower subject categories (Sections 2 and 3). Depending on the specific content of a publication, it may
appear in one or several subject categories. The choice of the subject categories, especially categories
such asSeminal publications, and assigning a publication to a category are somewhat subjective and
are open to criticism. We feel, however, that the pros of this endeavor in terms of its utility to various
categories of customers far outweigh its potential cons.
What we have not done in this paper is to assess the validity and importance of the results described

in the specific publications included in the database. It is not inconceivable that some of the publications
contain wrong results or duplicate results obtained in earlier publications. We believe that a critical
assessment of theT-matrix publications should be the subject of a book or a review and is beyond the
scope of this paper. Therefore, the reader should keep in mind that the inclusion of a publication in this
database does not constitute any formal endorsement or quality certification on our part.
We realize that even with the restrictions adopted, it will be impossible to publish in a research journal

another comprehensive database like this one even in a few years from now (seeFig. 1). However, we
plan to maintain an updated version of this database on the web sitehttp://www.giss.nasa.gov/∼crmim

http://www.giss.nasa.gov/~crmim
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Fig. 1. Annual frequency distribution of theT-matrix publications.

and ask the readers to help us in this endeavor by sending corrections and missing references to existing
and future publications on theT-matrix method and its various applications.

2. Particles in infinite homogeneous space

2.1. Seminal publications

This subsection references the publications in which theT-matrix method was originally developed as
well as those in which a major generalization or improvement of theT-matrix method was proposed.

Bruning and Lo (1971a)
Khlebtsov (1992)
Lakhtakia et al. (1983)
Mackowski and Mishchenko (1996)
Mishchenko (1991a)
Peterson and Ström (1973)
Peterson and Ström (1974)
Rozenberg (1974)

Schulz et al. (1999a)
Tsang and Kong (1980)
Varadan and Varadan (1980a)
Varadan et al. (1979)
Waterman (1965)
Waterman (1969)
Waterman (1971)



360 M.I. Mishchenko et al. / Journal of Quantitative Spectroscopy & Radiative Transfer 88 (2004) 357–406

2.2. Books

Barber and Hill (1990)
Borghese et al. (2003)
Chew (1995)
Doicu et al. (2000c)
Mishchenko et al. (2002)
Rozenberg (1974)

Tsang and Kong (2001)
Tsang et al. (1985)
Tsang et al. (2000)
Tsang et al. (2001)
Varadan and Varadan (1980b)

2.3. Reviews

Barber (1980)
Fuller and Mackowski (2000)
Mishchenko et al. (1996b)

Mishchenko et al. (2000b)
Ström and Zheng (1989)
Waterman (1980)

2.4. Extended boundary condition method and its modifications and generalizations

Al-Badwaihy andYen (1975)
Babenko (1997)
Babenko (1999)
Barber andYeh (1975)
Bates andWall (1977)
Boström (1982)
Bringi and Seliga (1977b)
Doicu (1999)
Doicu (2002)
Doicu andWriedt (1997a)
Doicu andWriedt (1997b)
Doicu andWriedt (1997c)
Doicu andWriedt (1999)
Doicu andWriedt (2001b)
Doicu andWriedt (2001c)
Doicu andWriedt (2001d)
Doicu et al. (1999b)
Eremina andWriedt (2003)
Hizal (1980)
Iskander and Lakhtakia (1984)
Iskander et al. (1982)

Iskander et al. (1983)
Iskander et al. (1989b)
Lakhtakia et al. (1983)
Lakhtakia et al. (1984b)
Morita (1979)
Peterson and Ström (1974)
Ström (1975)
Ström (1991a)
Ström (1991b)
Ström and Zheng (1987)
Ström and Zheng (1988)
Wang et al. (1994)
Waterman (1965)
Waterman (1969)
Waterman (1971)
Waterman (1979)
Wriedt and Doicu (1997)
Wriedt and Doicu (1998b)
Wriedt and Doicu (1998c)
Zheng and Ström (1989)

2.5. T-matrix theory and computations for anisotropic and chiral scatterers

Doicu (2003)
Kiselev et al. (2002)
Lakhtakia (1991)

Lakhtakia et al. (1985)
Liu et al. (2000b)
Sharma and Balakrishnan (1998)
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2.6. Superposition T-matrix method and its modifications, including related mathematical tools

Auger and Stout (2003)
Auger et al. (2001)
Borghese et al. (1979)
Borghese et al. (1980)
Borghese et al. (1994)
Boström et al. (1991)
Bruning and Lo (1971a)
Bruning and Lo (1971b)
Chew (1990)
Chew et al. (1990)
Cruzan (1962)
Chew andWang (1993)
Danos and Maximon (1965)
Fikioris and Uzunoglu (1979)
Fuller (1994)
Fuller and Kattawar (1988a)
Fuller and Kattawar (1988b)
Gérardy and Ausloos (1982)
Hamid et al. (1990b)
Mackowski (1991)
Mackowski (1994)
Mackowski (2001)
Mackowski and Mishchenko (1996)
Mishchenko and Mackowski (1994)

Miyazaki and Jimba (2000)
Ngo et al. (1996)
Ngo et al. (1997)
Peterson (1977)
Peterson and Ström (1973)
Rozenberg (1974)
Saija et al. (2003b)
Siqueira and Sarabandi (2000)
Stein (1961)
Stout et al. (2001)
Stout et al. (2002a)
Ström (1974)
Tzeng and Fung (1994)
Videen and Bickel (1991)
Videen and Ngo (1998)
Videen et al. (1995)
Videen et al. (1996)
Wang and Chew (1993)
Wittmann (1988)
Xu (1996a)
Xu (1996b)
Xu (1997b)
Xu (1998b)

2.7. T-matrix theory of electromagnetic scattering by infinite periodic arrays of particles

Modinos (1987)
Peterson (1977)

Varadan (1980)
Waterman and Pedersen (1986)

2.8. T-matrix theory and computations of electromagnetic scattering by discrete random media

Bringi et al. (1982a)
Bringi et al. (1982b)
Bringi et al. (1983)
Chew (1989)
Chen et al. (2003)
Chew et al. (1990)
Doicu andWriedt (2001a)
Guo et al. (2001)
Lu et al. (1995)
Ma et al. (1988)

Neo et al. (1999)
Siqueira and Sarabandi (2000)
Stefanou and Modinos (1993)
Tishkovets (2002)
Tishkovets and Mishchenko (2004)
Tishkovets et al. (2002)
Tishkovets et al. (2004a)
Tsang (1984)
Tsang and Kong (1982)
Tsang and Kong (1983)
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Tsang et al. (1992)
Varadan (1980)
Varadan and Varadan (1980a)
Varadan et al. (1979)
Varadan et al. (1983)

Varadan et al. (1984)
Varadan et al. (1985a)
Varadan et al. (1985b)
Varadan et al. (1987)
West et al. (1994)

2.9. Relation of the T-matrix method to other theoretical approaches

Agarwal (1976)
Bates (1969)
Bates (1975)
Bolomey andWirgin (1974)
Burrows (1969)
Doicu (1999)
Doicu andWriedt (1999)
Doicu et al. (1999b)
Doicu et al. (2000b)
Eremin (1995)
Eremin (1998)
Farafonov (2002)
Farafonov et al. (2003)
Hill et al. (1997)
Kahnert et al. (2003)
Kleinman et al. (1984)

Lewin (1970)
Lu and Chew (1995)
Mackowski (2002)
Martin (2003)
Millar (1969)
Morgan et al. (1984)
Nieminen et al. (2003a)
Rother (1998)
Rother et al. (2002)
Schmidt et al. (1998)
Schulz et al. (1998a)
Videen et al. (1998)
Wriedt and Doicu (1997)
Zurk et al. (1995)
Zurk et al. (1996)

2.10. Symmetry properties of the T matrix and analytical orientation averaging approaches

Battaglia et al. (2001b)
Borghese et al. (1984b)
Borghese et al. (2001)
Fucile et al. (1993)
Fucile et al. (1995)
Havemann and Baran (2001)
Kahnert et al. (2001a)
Khlebtsov (1991)
Khlebtsov (1992)
Mackowski (1994)
Mackowski and Mishchenko (1996)
Mishchenko (1989)
Mishchenko (1990b)
Mishchenko (1990c)
Mishchenko (1990d)
Mishchenko (1991a)
Mishchenko (1991b)
Mishchenko (1991c)

Mishchenko (1991e)
Mishchenko (1992a)
Mishchenko and Mackowski (1994)
Paramonov (1994c)
Paramonov (1994e)
Paramonov (1995a)
Paramonov (1995b)
Paramonov and Lopatin (1990)
Schulz et al. (1999a)
Sindoni et al. (1984)
Skaropoulos (2003)
Skaropoulos and Russchenberg (2002)
Tsang et al. (1984)
Varadan (1980)
Varadan and Varadan (1980a)
Varadan et al. (1984)
Wielaard et al. (1997)
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2.11. Convergence of various implementations of the T-matrix method

Aydin and Hizal (1979)
Bates andWong (1974)
Dallas (2000)
Ding and Xu (1999)
Doicu et al. (2000b)
Hizal (1980)
Iskander et al. (1983)
Kahnert et al. (2001b)
Khlebtsov et al. (2000)
Kristensson andWaterman (1982)
Kristensson et al. (1983)
Lakhtakia et al. (1984a)
Lapalme and Patitsas (1993a)

Mishchenko (1993)
Mishchenko and Travis (1994a)
Mishchenko and Travis (1998)
Mishchenko et al. (1996a)
Ramm (1982)
Ramm (2002)
Siqueira and Sarabandi (2000)
Ström and Zheng (1987)
Wall (1980)
Waterman (1980)
Waterman (1983)
Wiscombe and Mugnai (1986)

2.12. Benchmark T-matrix results

Bybenchmarknumerical resultsweunderstandnumberswithat least 3 correct first significant decimals.
The accuracy of the numbers must be established by either comparisons with results generated by an
independent method or by implementing a reliable internal convergence test.

Hovenier et al. (1996)
Kuik et al. (1992)
Mishchenko (1991a)
Mishchenko (1991d)
Mishchenko (2000)

Mishchenko and Mackowski (1996)
Mishchenko et al. (1996a)
Voshchinnikov et al. (2000)
Wielaard et al. (1997)

2.13. T-matrix calculations for homogeneous spheroids

Abdulkin and Paramonov (2001)
Alpers et al. (2001)
Astafieva and Babenko (1999)
Aydin and Daisley (2002)
Aydin and Lure (1991)
Aydin andWalsh (1999)
Aydin and Zhao (1990)
Aydin et al. (1984)
Aydin et al. (1989)
Aydin et al. (1998)
Babenko and Petrov (2002)
Balzer et al. (1998)
Bantges et al. (1999)
Baran et al. (1998)

Barber (1977a)
Barber (1977b)
Barber (1978)
Barber and Hill (1988)
Barber and Massoudi (1982)
Barber andWang (1978)
Barber andYeh (1975)
Barber et al. (1981)
Barber et al. (1982)
Barber et al. (1983a)
Barber et al. (1983b)
Barksdale and Bostian (1988)
Battaglia et al. (2001a)
Battaglia et al. (2001b)
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Bayoudh et al. (2003)
Bazhan et al. (2002)
Bonev et al. (2002)
Borrmann et al. (1996)
Borrmann et al. (2000)
Bringi and Seliga (1977a)
Bringi and Seliga (1980)
Bringi et al. (1998)
Brogniez et al. (2003)
Brooks et al. (2004)
Carey et al. (2000)
Chang et al. (2002)
Cline et al. (1986)
Crosta et al. (2003)
Czekala (1998)
Czekala and Simmer (1998)
Czekala and Simmer (2002)
Czekala et al. (1999)
Czekala et al. (2001a)
Czekala et al. (2001b)
Dlugach and Mishchenko (2004)
Dlugach and Petrova (2003)
Dlugach et al. (2002a)
Dlugach et al. (2002b)
Doicu (2002)
Doicu andWriedt (1997a)
Doicu andWriedt (1997b)
Doicu andWriedt (1997c)
Doicu andWriedt (1999)
Doicu et al. (1997)
Doicu et al. (1998)
Doicu et al. (1999b)
Doicu et al. (2000b)
Dubovik et al. (2002)
Durden (2003)
Enejder et al. (2003)
Flesia et al. (1994)
Fueglistaler et al. (2003)
Geller et al. (1985)
Glatter and Hofer (1988)
Gledhill and McCall (2000)
Gustafson et al. (2001)
Haferman (2000)
Haferman et al. (1997)

Heintzenberg et al. (2002)
Hill and Benner (1988)
Hill et al. (1984)
Hizal (1980)
Ho and Allen (1994)
Hofer and Glatter (1989)
Holt (1982)
Hogan et al. (2000)
Höpfner et al. (2001)
Hovenier et al. (1996)
Hu et al. (2002)
Ishimaru et al. (1984)
Iskander and Lakhtakia (1984)
Iskander et al. (1983)
Iskander et al. (1986)
Iskander et al. (1989a)
Iskander et al. (1989b)
Jakeman (2000)
Jalava et al. (1998)
Joshi et al. (2003)
Kahn et al. (1997)
Kahnert (2004)
Kahnert et al. (2002a)
Kahnert et al. (2002b)
Kalashnikova et al. (2004)
Keenan et al. (2001)
Kerola and Larson (2001)
Khlebtsov and Mel’nikov (1995)
Khlebtsov et al. (1994)
Khlebtsov et al. (1996a)
Khlebtsov et al. (1996b)
Khlebtsov et al. (1999a)
Khlebtsov et al. (1999b)
Kollias et al. (2001)
Kollias et al. (2002)
Kollias et al. (2003)
Kolokolova (2004)
Kolokolova et al. (1997)
Kouzoubov et al. (1998)
Kouzoubov et al. (1999)
Krotkov et al. (1997)
Krotkov et al. (1999)
Kuik et al. (1992)
Kuik et al. (1994)
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Kummerow andWeinman (1988)
Lacis and Mishchenko (1995)
Lakhtakia and Iskander (1983a)
Lakhtakia et al. (1981)
Lakhtakia et al. (1982a)
Lakhtakia et al. (1982b)
Lakhtakia et al. (1983)
Lakhtakia et al. (1984a)
Lakhtakia et al. (1984c)
Lambert et al. (2003)
Latimer and Barber (1978)
Liang and Mishchenko (1997)
Liou et al. (1983)
Liu and Mishchenko (2001)
Liu et al. (2002)
Lopatin and Paramonov (1989)
Lopatin and Sid’ko (1988)
Lucas (2003)
Lumme (2000)
Lumme and Rahola (1998)
Luo et al. (2003)
Macke et al. (1995)
Mackowski (2002)
Massoudi et al. (1982)
Merchant et al. (1988)
Miao et al. (2003)
Min et al. (2003)
Mishchenko (1989)
Mishchenko (1990a)
Mishchenko (1990c)
Mishchenko (1990d)
Mishchenko (1991a)
Mishchenko (1991b)
Mishchenko (1991d)
Mishchenko (1991e)
Mishchenko (1991f)
Mishchenko (1992a)
Mishchenko (1992b)
Mishchenko (1992c)
Mishchenko (1993)
Mishchenko (1994)
Mishchenko (2000)
Mishchenko and Hovenier (1995)
Mishchenko and Lacis (2003)

Mishchenko and Macke (1998)
Mishchenko and Sassen (1998)
Mishchenko and Travis (1994a)
Mishchenko and Travis (1994b)
Mishchenko and Travis (1994c)
Mishchenko and Travis (1998)
Mishchenko et al. (1995a)
Mishchenko et al. (1995b)
Mishchenko et al. (1997a)
Mishchenko et al. (1997b)
Mishchenko et al. (2000a)
Morel et al. (2002)
Mourant et al. (2002)
Mroczka et al. (2002)
Müller et al. (2003)
Nieminen et al. (2001a)
Nieminen et al. (2001b)
Nilsson et al. (1998)
Nousiainen and Vermeulen (2003)
Oppel et al. (2002)
Paramonov (1994a)
Paramonov (1994b)
Paramonov (1994d)
Paramonov and Lopatin (1989)
Paramonov et al. (1986a)
Paramonov et al. (1986b)
Paramonov et al. (1989)
Peter et al. (2003)
Petrova (1999a)
Petrova (1999b)
Petrova and Markiewicz (1997)
Pilinis and Li (1998)
Pitter et al. (1999)
Porco et al. (2003)
Porstendorfer et al. (1999)
Prodi et al. (1999)
Qingan et al. (1998)
Quirantes and Delgado (1995a)
Quirantes and Delgado (1995b)
Quirantes and Delgado (1998)
Reichardt et al. (2002)
Roberti and Kummerow (1999)
Roessler et al. (1983)
Ruppin (1998)
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Ryde and Matijevi´c (1994)
Sakai et al. (2002)
Sakai et al. (2003)
Schulz et al. (1998a)
Schulz et al. (1998b)
Schulz et al. (1999b)
Seliga and Bringi (1978)
Seow et al. (1998)
Shvalov et al. (2000)
Sid’ko et al. (1980)
Sinyuk et al. (2003)
Streekstra et al. (1994)
Thomas et al. (2002)
Toon et al. (1990)
Toon et al. (2000)
Troitsky et al. (2001)
Troitsky et al. (2003)
Tsang et al. (1984)
Tsias et al. (1999)
Tzeng et al. (1985)
Vargas and Niklasson (2001)
Vargas and Niklasson (2002)
Veihelmann et al. (2004)

Vivekanandan et al. (1991)
Voigt et al. (2003)
Voshchinnikov et al. (2000)
Wang et al. (1980)
Warner (1975)
Warner and Hizal (1976)
Waterman (1971)
Waterman (1979)
Wauben et al. (1993)
Whitney andWolff (2002)
Wielaard et al. (1997)
Wirth et al. (1999)
Wolff and Clancy (2003)
Wong et al. (2004)
Wriedt and Doicu (1998b)
Xing and Greenberg (1994a)
Xing and Greenberg (1994b)
Yeh et al. (1982b)
Yilmaz et al. (2003)
Zakharova and Mishchenko (2000)
Zhao and Hu (2003)
Zrnić et al. (2000)

2.14. T-matrix calculations for Chebyshev and generalized Chebyshev particles

Battaglia et al. (2001b)
Chýlek and Ramaswamy (1982)
Chylek et al. (1981)
Crosta et al. (2001)
Crosta et al. (2003)
Ding and Xu (1999)
Flesia et al. (1994)
Mannoni et al. (1996)
Mishchenko (1989)
Mishchenko (1990c)
Mishchenko (1990d)
Mishchenko (1991a)

Mishchenko (1991d)
Mishchenko (1994)
Mishchenko (2000)
Mishchenko and Lacis (2003)
Mishchenko and Sassen (1998)
Mishchenko and Travis (1994b)
Mugnai andWiscombe (1980)
Mugnai andWiscombe (1986)
Mugnai andWiscombe (1989)
Wiscombe and Mugnai (1986)
Wiscombe and Mugnai (1988)

2.15. T-matrix calculations for finite circular cylinders

Appleyard and Davies (2004)
Baran (2003)

Baran and Francis (2004)
Baran et al. (2003)
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Barber (1977a)
Barber et al. (1982)
Baumgarten et al. (2002)
Ding and Xu (2002)
Dlugach and Mishchenko (2004)
Doicu andWriedt (1997c)
Eremina andWriedt (2003)
Evans et al. (1999)
Francis et al. (1999)
Gordon et al. (2001)
Havemann and Baran (2001)
Hovenier et al. (1996)
Kahn et al. (2003)
Kahnert et al. (2002a)
Kahnert et al. (2002b)
Khlebtsov et al. (2004a)
Kuik et al. (1994)
Lapalme and Patitsas (1993a)
Lapalme and Patitsas (1993b)
Lee et al. (2003)
Liu and Mishchenko (2001)
Liu et al. (1998)
Liu et al. (1999)

Mackowski (2002)
Merchant et al. (1988)
Miao et al. (2003)
Mishchenko (2000)
Mishchenko and Macke (1998)
Mishchenko and Macke (1999)
Mishchenko and Sassen (1998)
Mishchenko et al. (1996a)
Mishchenko et al. (1997b)
Nieminen et al. (2001)
Oppel et al. (2002)
Pulbere andWriedt (2004)
Ruppin (1990)
Waterman (1971)
Waterman (1973)
Waterman (1979)
Wauben et al. (1993)
Wielaard et al. (1997)
Xing and Greenberg (1994)
Yang et al. (2003)
Yilmaz et al. (2003)
Zakharova and Mishchenko (2001)

2.16. T-matrix calculations for various rotationally symmetric particles

Aydin and Seliga (1984)
Aydin et al. (1984)
Barber and Massoudi (1982)
Barber andYeh (1975)
Bates andWong (1974)
Bringi and Seliga (1977a)
Bringi and Seliga (1980)
Doicu andWriedt (1997c)
Hizal (1980)
Lakhtakia and Iskander (1983a)
Lakhtakia et al. (1983)
Lapalme and Patitsas (1993a)
Li et al. (2001)
Mishchenko and Videen (1999)
Mishchenko and Lacis (2003)

Ngo et al. (1997)
Prodi et al. (1999)
Schuh andWriedt (2003)
Ström and Zheng (1987)
Sturniolo et al. (1995)
Videen et al. (1996)
Warner and Hizal (1976)
Waterman (1965)
Waterman (1971)
Waterman (1973)
Waterman (1979)
Waterman (1980)
Wriedt and Doicu (1997)
Yeh et al. (1982a)
Yeh et al. (1982b)
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2.17. T-matrix calculations for ellipsoids, polyhedral scatterers, and other particles lacking axial
symmetry

Baran and Francis (2004)
Baran et al. (2001a)
Baran et al. (2001b)
Björkberg and Kristensson (1987)
Havemann and Baran (2001)
Havemann et al. (2003)
Kahnert (2004)
Kahnert et al. (2001a)
Kahnert et al. (2001b)

Kahnert et al. (2002a)
Kahnert et al. (2002b)
Laitinen and Lumme (1998)
Mitchell et al. (2001)
Schneider and Peden (1988)
Schneider et al. (1991)
Wriedt (2002)
Wriedt and Comberg (1998)
Wriedt and Doicu (1998b)

2.18. T-matrix calculations for layered and composite particles

Aydin and Zhao (1990)
Aydin et al. (1983)
Bringi and Seliga (1977a)
Bringi and Seliga (1977b)
Cooper et al. (1983)
Doicu andWriedt (2001b)
Doicu andWriedt (2001c)
Doicu andWriedt (2001d)
Hizal (1980)
Hofer and Glatter (1989)

Mazumder et al. (1992)
Quirantes (1999)
Quirantes and Delgado (2001)
Ström and Zheng (1988)
Ström and Zheng (1989)
Wang and Barber (1979)
Wang et al. (1979)
Zheng (1988)
Zheng (1989)
Zheng and Ström (1989)

2.19. T-matrix calculations for clusters of homogeneous spheres

Abel et al. (2003)
Andersen et al. (2002)
Andersen et al. (2004)
Arnold et al. (1994)
Auger and Stout (2003)
Auger et al. (2000)
Auger et al. (2003)
Borghese et al. (1984a)
Borghese et al. (1984b)
Borghese et al. (1984c)
Borghese et al. (1987b)
Borghese et al. (1989)
Borghese et al. (2001)
Botet et al. (1997)
Bruning and Lo (1971b)
Chew (1989)
Chew and Lu (1995)

Chew et al. (1990)
Chew et al. (1994)
Comberg andWriedt (1999)
Cruz et al. (1989)
de Abajo (1999a)
de Abajo (1999b)
de Daran et al. (1995)
Flatau et al. (1993)
Fonseca et al. (1993)
Fonseca et al. (1994)
Fucile et al. (1995)
Fuller (1991)
Fuller (1995)
Fuller and Kattawar (1988a)
Fuller and Kattawar (1988b)
Fuller et al. (1986)
Fuller et al. (1999)
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Gérardy and Ausloos (1982)
Gustafson et al. (2001)
Hamid (1996)
Hamid et al. (1990a)
Hamid et al. (1990b)
Hamid et al. (1991)
Holler et al. (2000)
Hovenier and Mackowski (1998)
Hovenier et al. (1996)
Ioannidou et al. (1995)
Jin and Huang (1996a)
Kattawar and Dean (1983)
Khlebtsov et al. (2000)
Khlebtsov et al. (2004b)
Kimura (2001)
Kimura et al. (2003)
Landgraf et al. (1999)
Litvinov et al. (2003)
Lu and Chew (1993)
Mackowski (1991)
Mackowski (1994)
Mackowski and Mishchenko (1996)
Manoharan et al. (2003)
Mishchenko (1996)
Mishchenko and Mackowski (1994)
Mishchenko and Mackowski (1996)
Mishchenko et al. (1995a)
Mishchenko et al. (2004)
Miyazaki and Jimba (2000)
Miyazaki et al. (2002)
Miyazaki et al. (2003)
Miyazaki et al. (2004)
Ovod (1999)
Ovod et al. (1998)
Pellegrino et al. (1997)
Petrova et al. (2000)
Petrova et al. (2001a)
Petrova et al. (2001b)
Pustovit et al. (2002)
Quinten (1999)
Quinten and Kreibig (1988)
Quinten and Kreibig (1993)
Quinten et al. (2000)
Quinten et al. (2002)

Quirantes and Delgado (2003)
Quirantes et al. (2001)
Ruppin (1999)
Saija et al. (1985)
Saija et al. (2001a)
Saija et al. (2001b)
Saija et al. (2003a)
Saija et al. (2003b)
Schnaiter et al. (2003)
Secker et al. (2000)
Siqueira and Sarabandi (2000)
Stout et al. (2001)
Stout et al. (2002a)
Stout et al. (2002b)
Tishkovets (1994)
Tishkovets (1998)
Tishkovets and Litvinov (1996)
Tishkovets and Litvinov (1999)
Tishkovets et al. (1999)
Tishkovets et al. (2004a)
Tishkovets et al. (2004b)
Tzeng and Fung (1994)
Usami (1999)
Vargas and Niklasson (2001)
Vargas and Niklasson (2002)
Videen et al. (1997a)
Videen et al. (1997b)
Videen et al. (1998)
Videen et al. (2000)
Wang and Chew (1993)
Wurm and Schnaiter (2002)
Xu (1995)
Xu (1997a)
Xu (1998a)
Xu (2003b)
Xu (2003c)
Xu (2004)
Xu and Gustafson (1997)
Xu and Gustafson (1999)
Xu and Gustafson (2001)
Xu andWang (1998)
Xu et al. (1999)
Zhao et al. (2003)
Zhong et al. (2004)
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2.20. T-matrix calculations for clusters of layered spheres

Borghese et al. (1987a)
Hamid et al. (1992)
Hamid et al. (2003)

Khlebtsov et al. (2004b)
Xu and Khlebtsov (2003)

2.21. T-matrix calculations for clusters of nonspherical monomers

Cruz et al. (1989)
Huang and Jin (1998)
Jin and Huang (1996b)

Şahin and Miller (1998)
Vargas et al. (1993)
Xu (2003a)

2.22. T-matrix calculations for particles with one or several (eccentric) inclusions

Auger et al. (2001)
Auger et al. (2004)
Borghese et al. (1992)
Borghese et al. (1994)
Borghese et al. (1998)
Chýlek and Videen (1998)
Chýlek et al. (1996)
Chýlek et al. (1998)
Chýlek et al. (2000)
Doicu andWriedt (2001a)
Fikioris and Uzunoglu (1979)
Fuller (1995b)
Fuller et al. (1999)
Hill et al. (1997)
Iatì et al. (2001)
Ioannidou and Chrissoulidis (2002)
Ioannidou et al. (1999)
Jones (1995)
Krieger et al. (2003)
Krieger et al. (2004)
Mackowski and Jones (1995)

Ngo and Pinnick (1994)
Ngo et al. (1996)
Pellegrino et al. (1997)
Pinnick et al. (2000)
Prabhu et al. (2001)
Roumeliotis and Fikioris (1981)
Rozenberg (1974)
Skaropoulos et al. (1994)
Schuh andWriedt (2001)
Secker et al. (2000)
Simão et al. (2001)
Skaropoulos et al. (1996)
Stout et al. (2003)
Videen and Chylek (1998)
Videen and Ngo (1998)
Videen et al. (1994)
Videen et al. (1995)
Videen et al. (1997b)
Videen et al. (2000)
Videen et al. (2001)

2.23. T-matrix calculations of optical resonances in nonspherical particles

Arnold et al. (1994)
Barber and Hill (1988)
Barber and Massoudi (1982)
Barber et al. (1982)

Borghese et al. (1987a)
Borghese et al. (1998)
Fuller (1989)
Fuller (1991)
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Fuller (1995b)
Fuller et al. (1986)
Hill and Benner (1988)
Gérardy and Ausloos (1982)
Khlebtsov et al. (1996a)
Khlebtsov et al. (2004a)
Kristensson (1984)
Lai et al. (1991)
Mazumder et al. (1992)
Merchant et al. (1988)
Mishchenko and Lacis (2003)

Miyazaki and Jimba (2000)
Ngo and Pinnick (1994)
Ruppin (1998)
Ruppin (1999)
Simão et al. (2001)
Tzeng et al. (1985)
Überall et al. (1985)
Zhao et al. (2003)
Zheng (1989)
Zheng and Ström (1991)

2.24. T-matrix calculations of optical forces and torques on small particles

Bayoudh et al. (2003)
Bishop et al. (2003)
Mishchenko (1991e)

Nieminen et al. (2001a)
Nieminen et al. (2001b)
Saija et al. (2003a)

2.25. T-matrix calculations of internal, surface, and local fields

Astafieva and Babenko (1999)
Babenko and Petrov (2002)
Barber (1977b)
Barber et al. (1983a)
Barber et al. (1983b)
Bates andWong (1974)
Bringi and Seliga (1980)
Cline et al. (1986)
Cruz et al. (1989)
Iskander et al. (1980)
Lakhtakia and Iskander (1983b)
Lakhtakia et al. (1981)
Lakhtakia et al. (1982a)

Lakhtakia et al. (1983)
Lakhtakia et al. (1984c)
Mackowski and Jones (1995)
Nilsson et al. (1998)
Şahin and Miller (1998)
Skaropoulos et al. (1996)
Stout et al. (2002b)
Tishkovets (1998)
Vargas et al. (1993)
Wang et al. (1980)
Waterman (1999)
Xu (2003c)
Xu (2004)

2.26. Illumination by focused beams and non-plane waves

Bayoudh et al. (2003)
Bishop et al. (2003)
Doicu andWriedt (1997a)
Doicu andWriedt (1997d)
Doicu andWriedt (1997e)
Lakhtakia et al. (1982a)

Lakhtakia et al. (1982b)
Li et al. (2001)
Nieminen et al. (2003b)
Ovod (1999)
Yeh et al. (1982b)
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2.27. Use of T-matrix calculations for testing other theoretical techniques

Andersen et al. (2002)
Andersen et al. (2004)
Babenko and Petrov (2002)
Baran et al. (1998)
Baran et al. (2001b)
Barber andWang (1978)
Chýlek and Ramaswamy (1982)
Chýlek and Videen (1998)
Comberg andWriedt (1999)
Doicu et al. (2000b)
Evans and Fournier (1994)
Flatau et al. (1993)
Fournier and Evans (1991)
Gordon et al. (2001)
Goedecke and O’Brien (1988)
Havemann et al. (2003)
Holt (1980)
Holt (1982)
Hovenier and Mackowski (1998)
Hovenier et al. (1996)
Iskander et al. (1989a)
Kahnert et al. (2001a)
Khlebtsov et al. (1991)
Khlebtsov et al. (1994)
Kimura (2001)
Lapalme and Patitsas (1993b)
Latimer and Barber (1978)
Liu et al. (1998)

Lopatin et al. (1987)
Macke et al. (1995)
Mishchenko (1990a)
Mishchenko (1990d)
Mishchenko (1991b)
Mishchenko and Macke (1999)
Mitchell et al. (2001)
Paramonov et al. (1986a)
Paramonov et al. (1986b)
Paramonov et al. (1989)
Peltoniemi (1996)
Petrova and Markiewicz (1997)
Qingan et al. (1998)
Ravey and Mazeron (1983)
Ruppin (1990)
Schulz et al. (1998a)
Seliga and Bringi (1978)
Simão et al. (2001)
Streekstra et al. (1994)
Videen and Chýlek (1998)
Videen et al. (1994)
Voshchinnikov et al. (2000)
Wielaard et al. (1997)
Wriedt and Comberg (1998)
Xu and Gustafson (1999)
Zhao and Hu (2003)
Zhao et al. (2003)

2.28. Comparisons of T-matrix and effective-medium-approximation results

Botet et al. (1997)
Chew (1989)
Chýlek and Videen (1998)
Chýlek et al. (2000)
Doicu andWriedt (2001a)
Fonseca et al. (1994)
Fuller et al. (1999)

Gustafson et al. (2001)
Neo et al. (1999)
Siqueira and Sarabandi (2000)
Videen and Chýlek (1998)
Videen et al. (1994)
Zurk et al. (1996)
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2.29. Comparisons of T-matrix and controlled laboratory results

Arnold et al. (1994)
Borghese et al. (1989)
Bringi and Seliga (1977a)
Bringi and Seliga (1977b)
Bruning and Lo (1971b)
Fuller et al. (1986)
Kattawar and Dean (1983)
Mishchenko and Mackowski (1996)
Qingan et al. (1998)

Ruppin (1990)
Varadan et al. (1983)
West et al. (1994)
Xu (1997a)
Xu (1998a)
Xu and Gustafson (1997)
Xu and Gustafson (1999)
Xu and Gustafson (2001)
Xu andWang (1998)

2.30. Use of T-matrix calculations for analyzing laboratory data

Balzer and Rubahn (2001)
Balzer et al. (1998)
Bazhan et al. (2002)
Chen et al. (2003)
Crosta et al. (2001)
Crosta et al. (2003)
Doicu et al. (1998)
Fonseca et al. (1993)
Hill et al. (1984)
Holler et al. (1998)
Holler et al. (2000)
Jalava et al. (1998)
Khlebtsov et al. (1994)
Krieger et al. (2003)
Krieger et al. (2004)
Lambert et al. (2003)
Mitchell et al. (2001)
Miyazaki et al. (2002)
Miyazaki et al. (2004)

Ngo and Pinnick (1994)
Nousiainen and Vermeulen (2003)
Pellegrino et al. (1997)
Pinnick et al. (2000)
Pitter et al. (1999)
Quinten and Kreibig (1988)
Quinten et al. (2000)
Quirantes and Delgado (1995a)
Quirantes and Delgado (1995b)
Quirantes and Delgado (1998)
Ryde and Matijevi´c (1994)
Secker et al. (2000)
Varadan et al. (1985a)
Videen et al. (1996)
Videen et al. (1997a)
Videen et al. (1997b)
Videen et al. (2000)
Volten et al. (1999)

2.31. T-matrix modeling of scattering properties of mineral aerosols in the terrestrial atmosphere and
soil particles

Dubovik et al. (2002)
Heintzenberg et al. (2002)

Hill et al. (1984)
Kahn et al. (1997)
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Kahnert (2004)
Kalashnikova et al. (2004)
Krotkov et al. (1997)
Krotkov et al. (1999)
Lacis and Mishchenko (1995)
Liang and Mishchenko (1997)
Liu et al. (2002)
Mishchenko et al. (1995b)
Mishchenko et al. (1997a)

Müller et al. (2003)
Nousiainen and Vermeulen (2003)
Pilinis and Li (1998)
Reid et al. (2003)
Sakai et al. (2002)
Sakai et al. (2003)
Sinyuk et al. (2003)
Veihelmann et al. (2004)
Wang et al. (2003)

2.32. T-matrix modeling of scattering properties of carbonaceous and soot aerosols and soot-
containing aerosol and cloud particles

Abel et al. (2003)
Chylek et al. (1981)
Chýlek et al. (1995)
Chýlek et al. (1996)
Fuller (1995a)
Fuller (1995b)
Fuller et al. (1999)

Khlebtsov and Mel’nikov (1995)
Quinten (1999)
Quinten et al. (2002)
Roessler et al. (1983)
Schnaiter et al. (2003)
Videen and Chýlek (1998)
Videen et al. (1994)

2.33. T-matrix modeling of scattering properties of cirrus cloud particles

Babur et al. (2002)
Bantges et al. (1999)
Baran (2003)
Baran and Francis (2004)
Baran et al. (1998)
Baran et al. (2001a)
Baran et al. (2001b)
Baran et al. (2003)
Battaglia et al. (2001a)
Borrmann et al. (1996)
Borrmann et al. (2000)
Czekala (1998)
Ding and Xu (2002)
Evans et al. (1999)
Francis et al. (1999)
Havemann et al. (2003)
Hogan et al. (2000)

Kahn et al. (2003)
Lee et al. (2003)
Miao et al. (2003)
Mishchenko and Macke (1998)
Mishchenko and Macke (1999)
Mishchenko et al. (1997b)
Mitchell et al. (2001)
Oppel et al. (2002)
Peter et al. (2003)
Prodi et al. (1999)
Saija et al. (2001b)
Sreerekha et al. (2002)
Stubenrauch et al. (1999)
Thomas et al. (2002)
Troitsky et al. (2001)
Troitsky et al. (2003)
Yang et al. (2003)
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2.34. T-matrix modeling of scattering properties of hydrometeors

Aydin and Daisley (2002)
Aydin and Lure (1991)
Aydin and Seliga (1984)
Aydin andWalsh (1999)
Aydin and Zhao (1990)
Aydin et al. (1984)
Aydin et al. (1989)
Aydin et al. (1998)
Barksdale and Bostian (1988)
Battaglia et al. (2001b)
Bringi and Chandrasekar (2001)
Bringi and Seliga (1977a)
Bringi et al. (1998)
Carey et al. (2000)
Czekala and Simmer (1998)
Czekala and Simmer (2002)
Czekala et al. (1999)
Czekala et al. (2001a)
Durden (2003)
Gosset (2004)
Haferman (2000)
Hubbert and Bringi (2003)
Ioannidou et al. (1999)

Jain andWatson (1985)
Keenan et al. (2001)
Kennedy et al. (2001)
Kollias et al. (2001)
Kollias et al. (2002)
Kollias et al. (2003)
Kummerow andWeinman (1988)
Mishchenko (1992a)
Prigent et al. (2001)
Prodi et al. (1999)
Qingan et al. (1998)
Roberti and Kummerow (1999)
Rozenberg (1974)
Seliga and Bringi (1978)
Seow et al. (1998)
Sturniolo et al. (1995)
Vivekanandan et al. (1991)
Wang and Barber (1979)
Warner (1975)
Warner and Hizal (1976)
Wiedner et al. (2004)
Yeh et al. (1982a)
Zrnić et al. (2000)

2.35. T-matrix modeling of scattering properties of terrestrial stratospheric aerosol and cloud particles

Brogniez et al. (2003)
Brooks et al. (2004)
Carslaw et al. (1998a)
Carslaw et al. (1998b)
Flentje et al. (2002)
Flesia et al. (1994)
Fueglistaler et al. (2002)
Fueglistaler et al. (2003)
Gerding et al. (2003)
Höpfner et al. (2001)

Hu et al. (2002)
Liu and Mishchenko (2001)
Luo et al. (2003)
Reichardt et al. (2000)
Reichardt et al. (2002)
Toon et al. (1990)
Toon et al. (2000)
Tsias et al. (1999)
Voigt et al. (2003)
Wirth et al. (1999)

2.36. T-matrix modeling of scattering properties of noctilucent cloud particles

Alpers et al. (2001)
Baumgarten et al. (2002)
Mishchenko (1992c)

Zakharova and Mishchenko (2000)
Zakharova and Mishchenko (2001)
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2.37. T-matrix modeling of scattering properties of hydrosol particles

Kouzoubov et al. (1998)
Kouzoubov et al. (1999)
Morel et al. (2002)

2.38. T-matrix modeling of scattering properties of aerosol and cloud particles in planetary
atmospheres

Dlugach and Mishchenko (2004)
Dlugach and Petrova (2003)
Dlugach et al. (2002a)
Dlugach et al. (2002b)
Mishchenko (1991f)
Petrova (1999a)

Petrova (1999b)
Petrova and Markiewicz (1997)
Rannou et al. (1997)
Wolff and Clancy (2003)
Wong et al. (2004)

2.39. T-matrix modeling of scattering properties of interstellar, interplanetary, and cometary particles

Andersen et al. (2002)
Andersen et al. (2004)
Bonev et al. (2002)
Gledhill and McCall (2000)
Gustafson et al. (2001)
Iatì et al. (2001)
Kerola and Larson (2001)
Kimura (2001)
Kimura et al. (2003)
Kolokolova (2004)
Kolokolova et al. (1997)
Landgraf et al. (1999)
Lucas (2003)
Lumme (2000)
Mishchenko (1989)
Mishchenko (1990c)

Mishchenko (1991b)
Petrova et al. (2000)
Petrova et al. (2001a)
Petrova et al. (2001b)
Porco et al. (2003)
Quinten et al. (2002)
Saija et al. (2001a)
Saija et al. (2003a)
Throop and Esposito (1998)
Tishkovets (1994)
Tishkovets and Litvinov (1999)
Tishkovets et al. (2004b)
Whitney andWolff (2002)
Wurm and Schnaiter (2002)

2.40. T-matrix computations for industrial and military applications

Appleyard and Davies (2004)
Auger et al. (2003)
Doicu et al. (1998)
Joshi et al. (2003)

Quinten (1999)
Ryde and Matijevi´c (1994)
Vargas (2003)
Vargas et al. (2001)
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2.41. T-matrix computations for biomedical applications

Barber (1977b)
Barber (1978)
Enejder et al. (2003)
Holler et al. (2000)
Iskander et al. (1980)
Khlebtsov et al. (1994)
Khlebtsov et al. (1995)
Khlebtsov et al. (1996b)
Khlebtsov et al. (1999a)
Khlebtsov et al. (2002a)
Khlebtsov et al. (2002b)
Khlebtsov et al. (2004b)
Lakhtakia and Iskander (1983a)
Lakhtakia and Iskander (1983b)
Lakhtakia et al. (1981)
Lakhtakia et al. (1982a)

Lakhtakia et al. (1982b)
Lakhtakia et al. (1984c)
Lambert et al. (2003)
Lopatin and Sid’ko (1988)
Massoudi et al. (1982)
Mourant et al. (2002)
Mroczka et al. (2002)
Muttiah (2002)
Nilsson et al. (1998)
Paramonov (1994a)
Shvalov et al. (2000)
Sid’ko et al. (1980)
Skaropoulos et al. (1996)
Videen and Ngo (1998)
Videen et al. (1998)
Wang and Barber (1979)

2.42. T-matrix computations of anisotropic properties of colloids and other disperse media

Baran et al. (2001a)
Borghese et al. (2001)
Czekala (1998)
Fucile et al. (1995)
Huang and Jin (1998)
Jin and Huang (1996b)
Khlebtsov (1998)

Khlebtsov and Melnikov (1998)
Khlebtsov et al. (1991)
Khlebtsov et al. (1992)
Khlebtsov et al. (1999b)
Mishchenko (1990c)
Mishchenko (1991b)
Varadan et al. (1985b)

3. Particles near infinite interfaces

3.1. Seminal publications

Karlsson and Kristensson (1983)
Kristensson (1980)

Kristensson and Ström (1980)
Kristensson and Ström (1982)

3.2. Spherically symmetric particles

Aslan et al. (2004)
Bobbert and Vlieger (1986)

Bobbert et al. (1986)
Bobbert et al. (1988)
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Borghese et al. (1997)
de la Peña et al. (1999b)
Fucile et al. (1997b)
González et al. (2001)
Hamid and Hamid (2000)
Hamid and Hamid (2002)
Ishikawa et al. (2000)
Johnson (1992)
Johnson (1994)
Johnson (1996)
Kim et al. (2002)
Kim et al. (2004)
Lazzari et al. (2001)

Lazzari et al. (2002)
Liu et al. (2000a)
Ngo and Videen (1997)
Quinten et al. (1999)
Ruppin (1991)
Videen (1991)
Videen (1993)
Videen (2000)
Videen et al. (1992)
Videen et al. (1993)
Videen et al. (2004)
Wannemacher et al. (1999)
Zvyagin and Goto (1998)

3.3. Non-spherically symmetric finite particles

Bobbert and Vlieger (1987)
Bobbert et al. (1987)
Borghese et al. (1995)
Borghese et al. (1997)
Denti et al. (1999a)
Denti et al. (1999b)
Doicu et al. (1999a)
Doicu et al. (2000a)
Doicu et al. (2001)
Germer (2002)
Lazzari et al. (2001)

Lazzari et al. (2002)
Simonsen et al. (2000)
Videen (1995)
Videen (1996)
Videen (1997)
Wind et al. (1987a)
Wind et al. (1987b)
Wind et al. (1988)
Wriedt and Doicu (1998a)
Wriedt and Doicu (2000)

3.4. Finite particles on incident side of planar interface

Bobbert and Vlieger (1986)
Bobbert and Vlieger (1987)
Bobbert et al. (1986)
Bobbert et al. (1987)
Bobbert et al. (1988)
Borghese et al. (1995)
Borghese et al. (1997)
de la Peña et al. (1999b)
Denti et al. (1999a)
Denti et al. (1999b)
Doicu et al. (1999a)
Doicu et al. (2000a)
Fucile et al. (1997b)
Germer (2002)

González et al. (2001)
Hamid and Hamid (2000)
Hamid and Hamid (2002)
Johnson (1992)
Johnson (1994)
Johnson (1996)
Kim et al. (2002)
Kim et al. (2004)
Lazzari et al. (2001)
Lazzari et al. (2002)
Ngo and Videen (1997)
Ruppin (1991)
Simonsen et al. (2000)
Videen (1991)
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Videen (1995)
Videen (1997)
Videen (2000)
Videen et al. (1992)
Videen et al. (1993)

Wind et al. (1987a)
Wind et al. (1987b)
Wind et al. (1988)
Wriedt and Doicu (1998a)
Wriedt and Doicu (2000)

3.5. Finite particles on transmitted side of planar interface

Aslan et al. (2004)
Doicu et al. (2001)
Ishikawa et al. (2000)
Liu et al. (2000a)
Quinten et al. (1999)

Videen (1993)
Videen (1996)
Videen et al. (2004)
Wannemacher et al. (1999)
Zvyagin and Goto (1998)

3.6. Two-dimensional particles near planar substrates

Borghi et al. (1996a)
Borghi et al. (1996b)
Borghi et al. (1997)
Borghi et al. (1999)
Borghi et al. (2000)
de la Peña et al. (1999a)

Lee (1999)
Lee and Grzesik (1998)
Rao and Barakat (1989)
Rao and Barakat (1991)
Rao and Barakat (1994)
Videen and Ngo (1997)

3.7. Tools for particle characterization

Aslan et al. (2004)
Bobbert and Vlieger (1987)
Bobbert et al. (1986)
Bobbert et al. (1987)
Bobbert et al. (1988)
de la Peña et al. (1999a)
de la Peña et al. (1999b)
Doicu et al. (2001)
Ishikawa et al. (2000)
Johnson (1994)

Kim et al. (2002)
Kim et al. (2004)
Liu et al. (2000a)
Quinten et al. (1999)
Videen (1997)
Wannemacher et al. (1999)
Wind et al. (1987a)
Wind et al. (1987b)
Zvyagin and Goto (1998)

3.8. Convergence of results

de la Peña et al. (1999a)
de la Peña et al. (1999b)
Doicu et al. (1999a)
González et al. (2001)

Johnson (1996)
Videen et al. (1992)
Videen et al. (1993)
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3.9. Resonances

Borghese et al. (1997)
Ishikawa et al. (2000)
Johnson (1994)
Lazzari et al. (2002)

Liu et al. (2000a)
Quinten et al. (1999)
Wannemacher et al. (1999)

3.10. Normally incident interaction-field approximation

de la Peña et al. (1999a)
de la Peña et al. (1999b)
Johnson (1994)
Johnson (1996)
Kim et al. (2002)
Ngo and Videen (1997)
Videen (1991)

Videen (1993)
Videen (1995)
Videen (1996)
Videen and Ngo (1997)
Videen et al. (1992)
Videen et al. (1993)

Acknowledgements

We thank Nadia Zakharova for excellent editorial work and Josefina Mora and Zoe Wai for helping
to obtain copies of publications that were not readily accessible. We also appreciate useful comments
by Anthony Baran and Michael Kahnet. This project was sponsored by the NASA Radiation Sciences
Program managed by Donald Anderson.

References

Abdulkin VV, Paramonov LE. Application of orthogonal polynomials to estimation of scattering coefficients of polydisperse
randomly oriented spheroidal particles. Atmos Oceanic Opt 2001;14:543–4.

Abel SJ, Haywood JM, Highwood EJ, Li J, Buseck PR. Evolution of biomass burning aerosol properties from an agricultural
fire in southern Africa. Geophys Res Lett 2003;30:1783.

Agarwal GS. Relation between Waterman’s extended boundary condition and the generalized extinction theorem. Phys Rev D
1976;14:1168–71.

Al-Badwaihy KA, Yen JL. Extended boundary conditions integral equations for perfectly conducting and dielectric bodies:
formulation and uniqueness. IEEE Trans Antennas Propag 1975;23:546–51.

AlpersM, GerdingM, Höffner J, Schneider J. Multiwavelength lidar observation of a strange noctilucent cloud at Kühlungsborn,
Germany (54◦N). J Geophys Res 2001;106:7945–53.

AndersenAC, Sotelo JA, Pustovit VN, Niklasson GA. Extinction calculations of multi-sphere polycrystalline graphitic clusters.
Astron Astrophys 2002;386:296–307.

Andersen AC, Sotelo JA, Niklasson GA, Pustovit VN. Extinction properties of some complex dust grains. In: Witt AN, Clayton
GC, Draine BT., editors. Astrophysics of dust. San Francisco: ASP Press; 2004. p. 709–29.

Appleyard PG, Davies N. Calculation and measurement of infrared mass extinction coefficients of selected ionic and partially
ionic insulators and semiconductors: a guide for infrared obscuration applications. Opt Eng 2004;43:376–86.

Arnold S, Ghaemi A, Hendrie P, Fuller KA. Morphological resonances detected from a cluster of two microspheres. Opt Lett
1994;19:156–8.

Aslan M, Mengüç MP, Videen G. Characterization of metallic nano-particles via surface wave scattering. B: physical concept
and numerical experiments. JQSRT, 2004, in press.



M.I. Mishchenko et al. / Journal of Quantitative Spectroscopy & Radiative Transfer 88 (2004) 357–406381

Astafieva LG, Babenko VA. Heating of a spheroidal particle by intense laser radiation. JQSRT 1999;63:459–68.
Auger J-C, Stout B. A recursive centeredT -matrix algorithm to solve the multiple scattering equation: numerical validation.

JQSRT 2003;79/80:533–47.
Auger J-C, Stout B, Lafait J. Dependent light scattering in dense heterogeneous media. Physica B 2000;279:21–4.
Auger J-C, Stout B, Barrera RG, Curiel F. Scattering properties of rutile pigments located eccentrically within microvoids.

JQSRT 2001;70:675–95.
Auger J-C, Barrera RG, Stout B. Scattering efficiency of clusters composed by aggregated spheres. JQSRT 2003;79/80:521–31.
Auger J-C, Barrera RG, Stout B. Optical properties of an eccentrically located pigment within an air bubble. Progr Org Coat

2004;49:74–83.
Aydin K, Daisley SEA. Relationships between rainfall rate and 35-GHz attenuation and differential attenuation: modeling the

effects of raindrop size distribution, canting, and oscillation. IEEE Trans Geosci Remote Sens 2002;40:2343–52.
Aydin K, Hizal A. On the convergence of the spherical vector wave function expansions used in electromagnetic scattering

problems. Antennas Propag Soc Int Symp 1979;17:429–32.
Aydin K, Lure Y-M. Millimeter wave scattering and propagation in rain: a computational study at 94 and 140 GHz for oblate

spheroidal and spherical raindrops. IEEE Trans Geosci Remote Sens 1991;29:593–601.
Aydin K, Seliga TA. Radar polarimetric backscattering properties of conical graupel. J Atmos Sci 1984;41:1887–92.
Aydin K, Walsh TM. Millimeter wave scattering from spatial and planar bullet rosettes. IEEE Trans Geosci Remote Sens

1999;37:1138–50.
Aydin K, Zhao Y. A computational study of polarimetric radar observables in hail. IEEE Trans Geosci Remote Sens 1990;28:

412–22.
Aydin K, Altintas A, Hizal A. Null field formulations for dielectric-coated antennas. Radio Sci 1983;18:1225–42.
Aydin K, Seliga TA, Bringi VN. Differential radar scattering properties of model hail and mixed-phase hydrometeors. Radio Sci

1984;19:58–66.
Aydin K, Zhao Y, Seliga TA. Rain-induced attenuation effects onC-band dual-polarization meteorological radars. IEEE Trans

Geosci Remote Sens 1989;27:57–66.
Aydin K, Park SH, Walsh TM. Bistatic dual-polarization scattering from rain and hail at S- and C-band frequencies. J Atmos

Oceanic Technol 1998;15:1110–21.
Babenko VA. Improved algorithm forT -matrix computations of light scattering by aerosol spheroidal particles. J Aerosol Sci

1997;28:S203–4.
Babenko VA. A new method ofT -matrix calculations of scattering and absorption of light by spheroidal particles. Vestsi Natl

Acad Sci Belarus 1999;2:77–82.
BabenkoVA, Petrov PK. Calculation of optical fields inside spheroidal particles of cosmic dust: comparison of differentmethods:

GMT,T -matrixSVM. In:VideenG,KocifajM., editors.Optics of cosmic dust.TheNetherlands,Dordrecht: KluwerAcademic
Publishers; 2002. p. 119–30.

BabenkoVA,AstafyevaLG,KuzminVN.Electromagnetic scattering indispersemedia. Inhomogeneousandanisotropic particles.
Chichester, UK: Praxis; 2003.

BaburY,Yilmaz S, Mamedov AM. Formation dynamic of clouds and Mie scattering theory. Balkan Phys Lett 2002;10:146–54.
BalzerF,RubahnH-G.Second-harmonicgenerationandshieldingeffectsof alkali clustersonultrathinorganic films.Nanotechnol

2001;12:105–9.
Balzer F, Jett SD, Rubahn H-G. Alkali cluster films on insulating substrates: comparison between scanning force microscopy

and extinction data. Chem Phys Lett 1998;297:273–80.
Bantges RJ, Russell JE, Haigh JD. Cirrus cloud top-of-atmosphere radiance spectra in the thermal infrared. JQSRT 1999;63:

487–98.
BaranAJ. Simulation of infrared scattering from ice aggregates by use of a size-shape distribution of circular ice cylinders. Appl

Opt 2003;42:2811–8.
Baran AJ, Francis PN. On the radiative properties of cirrus cloud at solar and thermal wavelengths: a test of model consistency

using high-resolution airborne radiance measurements. Quart J R Meteorol Soc 2004;130:763–78.
BaranAJ, Foot JS, Mitchell DL. Ice-crystal absorption: a comparison between theory and implications for remote sensing. Appl

Opt 1998;37:2207–15.
Baran AJ, Francis PN, Havemann S, Yang P. A study of the absorption and extinction properties of hexagonal ice columns

and plates in random and preferred orientations using exactT -matrix theory and aircraft observations of cirrus. JQSRT
2001a;70:505–18.



382 M.I. Mishchenko et al. / Journal of Quantitative Spectroscopy & Radiative Transfer 88 (2004) 357–406

Baran AJ, Yang P, Havemann S. Calculation of the single-scattering properties of randomly oriented hexagonal ice columns: a
comparison of theT -matrix and the finite-difference time-domain methods. Appl Opt 2001b;40:4376–86.

Baran AJ, Havemann S, Francis PN, Watts PD. A consistent set of single-scattering properties for cirrus cloud: tests using
radiance measurements from a dual-viewing multi-wavelength satellite-based instrument. JQSRT 2003;79/80:549–67.

Barber PW. Resonance electromagnetic absorption by nonspherical dielectric objects. IEEE Trans Microwave Theory Tech
1977a;25:373–81.

Barber PW. Electromagnetic power deposition in prolate spheroid models of man and animals at resonance. IEEE Trans Biomed
Eng 1977b;24:513–21.

Barber PW. Scattering and absorption efficiencies for nonspherical dielectric objects—biological models. IEEE Trans Biomed
Eng 1978;25:155–9.

Barber PW. Scattering and absorption by homogeneous and layered dielectrics. In: Varadan VK, Varadan VV., editors.
Acoustic electromagnetic and elastic wave scattering—focus on theT -matrix approach. NewYork: Pergamon Press; 1980.
p. 191–209.

Barber PW, Hill SC. Effects of particle nonsphericity on light-scattering. In: Gouesbet G, Gréhan G., editors. Optical particle
sizing. Theory and practice. NewYork: Plenum Press; 1988. p. 43–53.

Barber PW, Hill SC. Light scattering by particles: computational methods. Singapore: World Scientific; 1990.
Barber PW, Massoudi H. Recent advances in light scattering calculations for nonspherical particles. Aerosol Sci Technol

1982;1:303–15.
Barber PW,Wang D-S. Rayleigh–Gans–Debye applicability to scattering by nonspherical particles. Appl Opt 1978;17:797–803

(Corrigenda: 1979;18:962–3).
Barber P,Yeh C. Scattering of electromagnetic waves by arbitrarily shaped dielectric bodies. Appl Opt 1975;14:2864–72.
Barber PW, Wang D-SY, Long MB. Scattering calculations using a microcomputer. Appl Opt 1981;7:1121–3.
Barber PW, Owen JF, Chang RK. Resonant scattering for characterization of axisymmetric dielectric objects. IEEE Trans

Antennas Propag 1982;30:168–72.
Barber PW, Chang RK, Massoudi H. Surface-enhanced electric intensities on large silver spheroids. Phys Rev Lett 1983a;50:

997–1000.
Barber PW, Chang RK, Massoudi H. Electrodynamic calculations of the surface-enhanced electric intensities on large Ag

spheroids. Phys Rev B 1983b;27:7251–61.
Barksdale Jr HH, Bostian CW. Attenuation and depolarization due to rain scatter at millimeter wave frequencies. IEEE Trans

Antennas Propag 1988;36:1033–40.
Bates RHT. Rayleigh hypothesis, the extended-boundary condition and point matching. Electron Lett 1969;5:654–5.
Bates RHT. Analytic constraints on electromagnetic field computations. IEEE Trans Microwave Theory Tech 1975;23:605–23.
Bates RHT, Wong CT. Extended boundary condition and thick axially symmetric antennas. Appl Sci Res 1974;29:19–43.
Bates RHT, Wall DJN. Null field approach to scalar diffraction. Phil Trans Roy Soc London A 1977;287:45–114.
Battaglia A, Sturniolo O, Prodi F. Analysis of polarization radar returns from ice clouds. Atmos Res 2001a;59/60:231–50.
BattagliaA, Prodi F, Sturniolo O. Radar and scattering parameters through falling hydrometeors with axisymmetric shapes.Appl

Opt 2001b;40:3092–100.
BaumgartenG, FrickeKH, vonCossartG. Investigation of the shapeof noctilucent cloud particles by polarization lidar technique.

Geophys Res Lett 2002;29 (doi:10.1029/2001GL013877).
BayoudhS,NieminenTA,HeckenbergNR,Rubinsztein-DunlopH.Orientationof biological cells usingplane-polarizedGaussian

beam optical tweezers. J Mod Opt 2003;50:1581–90.
BazhanW, Kolwas K, Kolwas M. Depolarization of light scattered by a single sodium nanoparticle trapped in an electro-optical

trap. Opt Commun 2002;211:171–81.
Bishop AI, Nieminen TA, Heckenberg NR, Rubinsztein-Dunlop H. Optical application and measurement of torque on

microparticles of isotropic nonabsorbing material. Phys Rev A 2003;68:033802.
Björkberg J, Kristensson G. Electromagnetic scattering by a perfectly conducting elliptic disk. Can J Phys 1987;65:723–34.
Bobbert PA, Vlieger J. Light scattering by a sphere on a substrate. Physica A 1986;137:209–42.
Bobbert PA, Vlieger J. The polarizability of a spheroidal particle on a substrate. Physica A 1987;147:115–41.
Bobbert PA,Vlieger J, Greef R. Light reflection from a substrate sparsely seeded with spheres–comparison with an ellipsometric

experiment. Physica A 1986;137:243–57.
Bobbert PA, Wind MM, Vlieger J. Diffusion to a slowly growing truncated sphere on a substrate. Physica A 1987;141:58–72.



M.I. Mishchenko et al. / Journal of Quantitative Spectroscopy & Radiative Transfer 88 (2004) 357–406383

Bobbert PA, Vlieger J, Greef R. Theory of light reflection from a substrate sparsely seeded with spheres: comparison with an
ellipsometric experiment. Thin Solid Films 1988;164:63–7.

Bolomey JC, Wirgin A. Numerical comparison of the Green’s function and the Waterman and Rayleigh theories of scattering
from a cylinder with arbitrary cross-section. Proc IEE 1974;121:794–804.

Bonev T, Jockers K, Petrova E. et al. The dust in comet C/1999 S4 (LINEAR) during its disintegration: narrow-band images,
color maps, and dynamical models. Icarus 2002;160:419–36.

Borghese F, Denti P, Toscano G, Sindoni OI. Electromagnetic scattering by a cluster of spheres. Appl Opt 1979;18:116–20.
Borghese F, Denti P, Toscano G, Sindoni OI. An addition theorem for vector Helmholtz harmonics. J Math Phys 1980;21:

2754–5.
Borghese F, Denti P, Saija R. et al. Macroscopic optical constants of a cloud of randomly oriented nonspherical scatterers. Nuovo

Cim B 1984a;81:29–50.
Borghese F, Denti P, Saija R. et al. Use of group theory for the description of electromagnetic scattering frommolecular systems.

J Opt Soc AmA 1984b;1:183–91.
Borghese F, Denti P, Saija R. et al. Multiple electromagnetic scattering from a cluster of spheres. I. Theory. Aerosol Sci Technol

1984c;3:227–35.
Borghese F, Denti P, Saija R. et al. Extinction coefficients for a random dispersion of small stratified spheres and a random

dispersion of their binary aggregates. J Opt Soc AmA 1987a;4:1984–91.
Borghese F, Denti P, Saija R, Toscano G. Optical absorption coefficient of a dispersion of clusters composed of a large number

of spheres. Aerosol Sci Technol 1987b;6:173–81.
BorgheseF,Denti P, SaijaR, SindoniOI. Reliability of the theoretical description of electromagnetic scattering fromnonspherical

particles. J Aerosol Sci 1989;20:1079–81.
Borghese F, Denti P, Saija R, Sindoni OI. Optical properties of spheres containing a spherical eccentric inclusion. J Opt SocAm

A 1992;9:1327–35.
Borghese F, Denti P, Saija R. Optical properties of spheres containing several spherical inclusions. Appl Opt 1994;33:484–93

(Errata: 1995;34:555−6).
Borghese F, Denti P, Saija R. et al. Optical properties of model anisotropic particles on or near a perfectly reflecting surface. J

Opt Soc AmA 1995;12:530–40.
Borghese F, Denti P, Saija R. et al. Resonance suppression in the extinction spectrum of single and aggregated hemispheres on

a reflecting surface. Appl Opt 1997;36:4226–34.
Borghese F, Denti P, Saija R. et al. Optical resonances of spheres containing an eccentric spherical inclusion. J Opt 1998;29:

28–34.
Borghese F, Denti P, Saija R. et al. Optical properties of a dispersion of anisotropic particles with non-randomly distributed

orientations. The case of atmospheric ice crystals. JQSRT 2001;70:237–51.
Borghese F, Denti P, Saija R. Scattering from model nonspherical particles. Theory and applications to environmental physics.

Berlin: Springer-Verlag; 2003.
Borghi R, Gori F, Santarsiero M. et al. Plane-wave scattering by a set of perfectly conducting circular cylinders in the presence

of a plane surface. J Opt Soc AmA 1996a;13:2441–52.
Borghi R, Gori F, Santarsiero M. et al. Plane-wave scattering by a perfectly conducting circular cylinder near a plane surface:

cylindrical-wave approach. J Opt Soc AmA 1996b;13:483–93.
Borghi R, Santarsiero M, Frezza F, Schettini G. Plane-wave scattering by a dielectric circular cylinder parallel to a general

reflecting flat surface. J Opt Soc AmA 1997;14:1500–4.
Borghi R, Frezza F, Santini C. et al. Numerical study of the reflection of cylindrical waves of arbitrary order by a generic planar

interface. J ElectromagnWaves Appl 1999;13:27–50.
Borghi R, Frezza F, Santarsiero M, Schettini G. Electromagnetic scattering by cylindrical objects on generic planar substrates:

cylindrical-wave approach. In: Moreno F, González F., editors. Light scattering frommicrostructures. Berlin: Springer; 2000.
p. 97–111.

Borrmann S, Solomon S, Dye JE, Luo B. The potential of cirrus clouds for heterogeneous chlorine activation. Geophys Res Lett
1996;23:2133–6.

Borrmann S, Luo B, MishchenkoM.Application of theT -matrix method to themeasurement of aspherical (ellipsoidal) particles
with forward scattering optical particle counters. J Aerosol Sci 2000;31:789–99.

BoströmA. Time-dependent scattering by a bounded obstacle in three dimensions. J Math Phys 1982;23:1444–50.



384 M.I. Mishchenko et al. / Journal of Quantitative Spectroscopy & Radiative Transfer 88 (2004) 357–406

Boström A, Kristensson G, Ström S. Transformation properties of plane, spherical and cylindrical scalar and vector wave
functions. In:VaradanVV, LakhtakiaA,VaradanVK., editors. Field representations and introduction to scattering.Amsterdam:
North Holland; 1991. p. 165–210.

Botet R, Rannou P, Cabane M. Mean-field approximation of Mie scattering by fractal aggregates of identical spheres. Appl Opt
1997;36:8791–7.

Bringi VN, Chandrasekar V. Polarimetric Doppler weather radar: principles and applications. Cambridge, UK: Cambridge
University Press; 2001.

Bringi VN, Seliga TA. Scattering from non-spherical hydrometers. Ann Télécommun 1977a;32:392–7.
Bringi VN, Seliga TA. Scattering from axisymmetric dielectrics or perfect conductors imbedded in an axisymmetric dielectric.

IEEE Trans Antennas Propag 1977b;25:575–80.
Bringi VN, Seliga TA. Surface currents and ‘near’ zone fields. In: Varadan VK, Varadan VV., editors. Acoustic electromagnetic

and elastic wave scattering—focus on theT -matrix approach. NewYork: Pergamon Press; 1980. p. 79–90.
Bringi VN, Varadan VV, Varadan VK. The effects on pair correlation function of coherent wave attenuation in discrete random

media. IEEE Trans Antennas Propag 1982a;30:805–8.
Bringi VN, Varadan VV, Varadan VK. Coherent wave attenuation by a random distribution of particles. Radio Sci 1982b;17:

946–52.
Bringi VN, Varadan VK, Varadan VV. Average dielectric properties of discrete random media using multiple scattering theory.

IEEE Trans Antennas Propag 1983;31:371–5.
Bringi VN, Chandrasekar V, Xiao R. Raindrop axis ratios and size distributions in Florida rainshafts: an assessment of

multiparameter radar algorithms. IEEE Trans Geosci Remote Sens 1998;36:703–15.
Brogniez C, Huret N, Eckermann S. et al. Polar stratospheric cloud microphysical properties measured by the microRADIBAL

instrument on 25 January 2000 above Esrange and modeling interpretation. J Geophys Res 2003;108:8332.
Brooks SD, Toon OB, Tolbert MA. et al. Polar stratospheric clouds during SOLVE/THESEO: comparison of lidar observations

with in situ measurements. J Geophys Res 2004;109:D02212.
Bruning JH, LoYT. Multiple scattering of EM waves by spheres. I. Multipole expansion and ray-optical solutions. IEEE Trans

Antennas Propag 1971a;19:378–90.
Bruning JH, LoYT. Multiple scattering of EM waves by spheres. II. Numerical and experimental results. IEEE Trans Antennas

Propag 1971b;19:391–400.
Burrows ML. Equivalence of the Rayleigh solution and the extended-boundary-condition solution for scattering problems.

Electron Lett 1969;5:277–8.
Carey LD, Rutledge SA, Ahijevych DA, Keenan TD. Correcting propagation effects in C-band polarimetric radar observations

of tropical convection using differential propagation phase. J Appl Meteorol 2000;39:1405–33.
Carslaw KS, Wirth M, Tsias A. et al. Increased stratospheric ozone depletion due to mountain-induced atmospheric waves.

Nature 1998a;391:675–8.
Carslaw KS, Wirth M, Tsias A. et al. Particle microphysics and chemistry in remotely observed mountain polar stratospheric

clouds. J Geophys Res 1998b;103:5785–96.
Chang PCY, Hopcraft KI, JakemanE,Walker JG. Optimum configuration for polarization photon correlation spectroscopy. Meas

Sci Technol 2002;13:341–8.
Chen C-T, Tsang L, Guo J. et al. Frequency dependence of scattering and extinction of dense media based on three-dimensional

simulations of Maxwell’s equations with applications to snow. IEEE Trans Geosci Remote Sens 2003;41:1844–52.
ChewWC. AnN2 algorithm for the multiple scattering solution ofN scatterers. Microwave Opt Technol Lett 1989;2:380–3.
ChewWC. A derivation of the vector addition theorem. Microwave Opt Technol Lett 1990;3:256–60.
ChewWC. Waves and fields in inhomogeneous media. NewYork: IEEE Press; 1995.
Chew WC, Lu CC. The recursive aggregate interaction matrix algorithm for multiple scatterers. IEEE Trans Antennas Propag

1995;43:1483–6.
ChewWC, WangYM. Efficient ways to compute the vector addition theorem. J ElectromagnWaves Appl 1993;7:651–65.
ChewWC, Friedrich JA, Geiger R. A multiple scattering solution for the effective permittivity of a sphere mixture. IEEE Trans

Geosci Remote Sens 1990;28:207–14.
ChewWC, Lu CC,WangYM. Efficient computation of three-dimensional scattering of vector electromagnetic waves. J Opt Soc

AmA 1994;11:1528–37.
Chýlek P, Ramaswamy V. Lower and upper bounds on extinction cross sections of arbitrarily shaped strongly absorbing or

strongly reflecting nonspherical particles. Appl Opt 1982;21:4339–44.



M.I. Mishchenko et al. / Journal of Quantitative Spectroscopy & Radiative Transfer 88 (2004) 357–406385

Chýlek P, Videen G. Scattering by a composite sphere and effective medium approximations. Opt Commun 1998;146:15–20.
Chylek P, Ramaswamy V, Cheng R, Pinnick RG. Optical properties and mass concentration of carbonaceous smokes. Appl Opt

1981;20:2980–5.
Chýlek P, Videen G, Ngo D. et al. Effect of black carbon on the optical properties and climate forcing of sulfate aerosols. J

Geophys Res 1995;100:16325–32.
Chýlek P, Lesins GB, Videen G. et al. Black carbon and absorption of solar radiation by clouds. J Geophys Res 1996;101:

23365–71.
Chýlek P, Videen G, Ngo D. Effect of air bubbles on absorption of solar radiation by water droplets. J Atmos Sci 1998;55:

340–3.
Chýlek P, Videen G, Geldart DJW. et al. Effective medium approximations for heterogeneous particles. In: Mishchenko MI,

Hovenier JW, Travis LD., editors. Light scattering by nonspherical particles: theory, measurements, and applications. San
Diego: Academic Press; 2000. p. 273–308.

Cline MP, Barber PW, Chang RK. Surface-enhanced electric intensities on transition- and noble-metal spheroids. J Opt SocAm
B 1986;3:15–21.

Comberg U, Wriedt T. Comparison of scattering calculations for aggregated particles based on different models. JQSRT
1999;63:149–62.

Cooper DE, Wang D-S, Kerker M. Scattering of light by laser fusion targets with small defects. Appl Opt 1983;22:83–94.
Crosta GF, Camatini MC, Zomer S. et al. Optical scattering (TAOS) by tire debris particles: preliminary results. Opt Express

2001;8:302–7.
Crosta GF, Zomer S, PanY-L, Holler S. Classification of single-particle two-dimensional angular optical scattering patterns and

heuristic scatterer reconstruction. Opt Eng 2003;42:2689–701.
Cruz L, Fonseca LF, Gómez M.T -matrix approach for the calculation of local fields in the neighborhood of small clusters in

the electrodynamic regime. Phys Rev B 1989;40:7491–500.
Cruzan OR. Translational addition theorems for spherical vector wave functions. Quart Appl Math 1962;20:33–40.
Czekala H. Effects of ice particle shape and orientation on polarized microwave radiation for off-nadir problems. Geophys Res

Lett 1998;25:1669–72.
Czekala H, Simmer C. Microwave radiative transfer with nonspherical precipitating hydrometeors. JQSRT 1998;60:365–74.
Czekala H, Simmer C. On precipitation induced polarization of microwave radiation measured from space. Meteorol Z 2002;11:

49–60.
Czekala H, Havemann S, Schmidt K. et al. Comparison of microwave radiative transfer calculations obtained with three different

approximations of hydrometeor shape. JQSRT 1999;63:545–58.
Czekala H, Crewell S, Simmer C, Thiele A. Discrimination of cloud and rain liquid water path by groundbased polarized

microwave radiometry. Geophys Res Lett 2001a;28:267–70.
Czekala H, Crewell S, Simmer C. et al. Interpretation of polarization features in ground-basedmicrowave observations as caused

by horizontally aligned oblate raindrops. J Appl Meteorol 2001b;40:1918–32.
Dallas AG. On the convergence and numerical stability of the secondWaterman scheme for approximation of the acoustic field

scattered by a hard object. Technical Report 2000-7, Department of Mathematical Sciences, University of Delaware, Newark,
DE 19716, 2000.

Danos M, Maximon LC. Multipole matrix elements of the translation operator. J Math Phys 1965;6:766–78.
de Abajo FJG. Interaction of radiation and fast electrons with clusters of dielectrics: a multiple scattering approach. Phys Rev

Lett 1999a;82:2776–9.
de Abajo FJG. Multiple scattering of radiation in clusters of dielectrics. Phys Rev B 1999b;60:6086–102.
de Daran F, Vignéras-Lefebvre V, Parneix JP. Modeling of electromagnetic waves scattered by a system of spherical particles.

IEEE Trans Magn 1995;31:1598–601.
de la Peña JL, Saiz JM, Videen G. et al. Scattering from particles on surfaces: visibility factor and polydispersity. Opt Lett

1999a;24:1451–3.
de la Peña JL, Saiz JM, Valle PJ. et al. Enhanced backscatter from monodisperse contaminants on a substrate. JQSRT 1999b;63:

383–92.
Denti P, Borghese F, Saija R. et al. Optical properties of a dispersion of randomly oriented identical aggregates of spheres

deposited on a plane surface. Appl Opt 1999a;38:6421–30.
Denti P, Borghese F, Saija R. et al. Optical properties of aggregated spheres in the vicinity of a plane surface. J Opt Soc Am A

1999b;16:167–75.



386 M.I. Mishchenko et al. / Journal of Quantitative Spectroscopy & Radiative Transfer 88 (2004) 357–406

Ding J, Xu L. Convergence of the T-matrix approach for randomly oriented nonabsorbing nonspherical Chebyshev particles.
JQSRT 1999;63:163–74.

Ding J, Xu L. Light scattering characteristics of small ice circular cylinders in visible, 1.38-�m, and some infrared wavelengths.
Opt Eng 2002;41:2252–66.

Dlugach JM, MishchenkoMI. The effect of particle shape onmicrophysical properties of Jovian aerosols retrieved from ground-
based spectropolarimetric observations, JQSRT 2004;88:37− 46.

Dlugach ZhM, Petrova EV. Polarimetry of Mars in high-transparency periods: how reliable are the estimates of aerosol optical
properties?. Solar Syst Res 2003;37:87–100.

Dlugach ZhM, Mishchenko MI, Morozhenko AV. Effect of the shape of particles on the estimates of optical parameters for the
dust component in the Martian atmosphere. Kinem Phys Celest Bodies 2002a;18:33–42.

Dlugach ZhM, Mishchenko MI, MorozhenkoAV. The effect of the shape of dust aerosol particles in the Martian atmosphere on
the particle parameters. Solar Syst Res 2002b;36:367–73.

Doicu A. Null-field method with discrete sources. In: Wriedt T., editor. Generalized multipole techniques for electromagnetic
and light scattering. Amsterdam: Elsevier; 1999. p. 229–53.

Doicu A. Null-field method with circularly distributed spherical vector wave functions. Opt Commun 2002;213:21–5.
Doicu A. Null-field method to electromagnetic scattering from uniaxial anisotropic particles. Opt Commun 2003;218:11–7.
Doicu A, Wriedt T. Formulations of the extended boundary condition method for incident Gaussian beams using multiple-

multipole expansions. J Mod Opt 1997a;44:785–801.
Doicu A, Wriedt T. Multiple multipole extended boundary condition method. Optik 1997b;105:57–60.
Doicu A, Wriedt T. Extended boundary condition method with multipole sources located in the complex plane. Opt Commun

1997c;139:85–91.
DoicuA,Wriedt T. Computation of the beam-shape coefficients in the generalized Lorenz–Mie theory by using the translational

addition theorem for spherical vector wave functions. Appl Opt 1997d;36:2971–8.
Doicu A, Wriedt T. Plane wave spectrum of electromagnetic beams. Opt Commun 1997e;136:114–24.
Doicu A, Wriedt T. Calculation of the T matrix in the null-field method with discrete sources. J Opt Soc Am A 1999;16:

2539–44.
Doicu A, Wriedt T. Equivalent refractive index of a sphere with multiple spherical inclusions. J Opt A: Pure Appl Opt 2001a;3:

204–9.
DoicuA,Wriedt T. Null-field method with discrete sources to electromagnetic scattering from composite objects. Opt Commun

2001b;190:13–7.
Doicu A, Wriedt T. Null-field method with discrete sources to electromagnetic scattering from layered scatterers. Comput Phys

Commun 2001c;138:136–42.
Doicu A, Wriedt T. T-matrix method for electromagnetic scattering from scatterers with complex structure. JQSRT 2001d;70:

663–73.
Doicu A, Wriedt T, Bauckhage K. Light scattering by homogeneous axisymmetric particles for PDA calculations to measure

both axes of spheroidal particles. Part Part Syst Charact 1997;14:3–11.
Doicu A, Köser J, Wriedt T, Bauckhage K. Light scattering simulation and measurement of monodisperse spheroids using a

phase Doppler anemometer. Part Part Syst Charact 1998;15:257–62.
Doicu A, EreminY, Wriedt T. Convergence of the T-matrix method for light scattering from a particle on or near a surface. Opt

Commun 1999a;159:266–77.
Doicu A, EreminYuA, Wriedt T. Projection schemes in the null field method. JQSRT 1999b;63:175–89.
Doicu A, Eremin Yu, Wriedt T. Non-axisymmetric models for light scattering from a particle on or near a plane surface. Opt

Commun 2000a;182:281–8.
DoicuA, EreminYuA,Wriedt T. T- and D-matrix methods for electromagnetic scattering by impedance obstacles. Comput Phys

Commun 2000b;124:19–27.
DoicuA, EreminYuA,Wriedt T. Acoustic and electromagnetic scattering analysis using discrete sources. San Diego: Academic

Press; 2000c.
Doicu A, EreminYu, Wriedt T. Scattering of evanescent waves by a particle on or near a plane surface. Comput Phys Commun

2001;134:1–10.
Dubovik O, Holben BN, Lapyonok T. et al. Non-spherical aerosol retrieval method employing light scattering by spheroids.

Geophys Res Lett 2002;29 doi:10.1029/2001GL014506.
Durden SL. Aiborne polarimetric radar measurements of rainfall profiles. IEEE Trans Geosci Remote Sens 2003;41:2125–7.

mailto:10.1016/j.jqsrt.2004.03.023


M.I. Mishchenko et al. / Journal of Quantitative Spectroscopy & Radiative Transfer 88 (2004) 357–406387

EnejderAM, Swartling J,Aruna P,Andersson-Engels S. Influence of cell shape and aggregate formation on the optical properties
of flowing whole blood. Appl Opt 2003;42:1384–94.

EreminYuA. Dissipative matrices in functional representations for wave fields. Differ Equations 1995;31:1540–3.
EreminYuA. Justificationof generalizedschemesof theT -matrixmethodon thebaseof integral transformations.DifferEquations

1998;34:1255–60.
Eremina E, Wriedt T. Review of light scattering by fiber particles with a high aspect ratio. Recent Res Devel Opt 2003;3:

297–318.
Evans BTN, Fournier GR. Analytic approximation to randomly oriented spheroid extinction. Appl Opt 1994;33:5796–804.
Evans KF, Evans AH, Nolt IG, Marshall BT. The prospect for remote sensing of cirrus clouds with a submillimeter-wave

spectrometer. J Appl Meteorol 1999;38:514–25.
Farafonov VG. Applicability of theT -matrix method and its modifications. Opt Spectrosc 2002;92:748–60.
Farafonov VG, Il’in VB, Prokopjeva MS. Light scattering by multilayered nonspherical particles: a set of methods. JQSRT

2003;79–80:599–626.
Fikioris JG, Uzunoglu NK. Scattering from an eccentrically stratified dielectric sphere. J Opt Soc Am 1979;69:1359–66.
Flatau PJ, Fuller KA, Mackowski DW. Scattering by two spheres in contact: comparisons between the discrete dipole

approximation and modal analysis. Appl Opt 1993;32:3302–5.
Flentje H, DörnbrackA, Fix A. et al. Denitrification inside the stratospheric vortex in the winter of 1999–2000 by sedimentation

of large nitric acid trihydrate particles. J Geophys Res 2002;107 (doi:10.1029/2001JD001015).
Flesia C, Mugnai A, Emery Y. et al. Interpretation of lidar depolarization measurements of the Pinatubo stratospheric aerosol

layer during EASOE. Geophys Res Lett 1994;21:1443–6.
Fonseca L, Cruz L, Vargas W, Gomez M. Theoretical calculation of the optical absorption of fractal colloidal aggregates using

a multiple scattering formalism. Cond Matter Theor 1993;8:561–71.
Fonseca LF, Gomez M, Cruz L. Calculation of the aggregation and electrodynamic effects in granular systems. Physica A

1994;207:123–30.
Fournier GR, Evans BTN. Approximation to extinction efficiency for randomly oriented spheroids. Appl Opt 1991;30:2042–8.
Francis PN, Foot JS, BaranAJ.Aircraft measurements of the solar and infrared radiative properties of cirrus and their dependence

on ice crystal shape. J Geophys Res 1999;104:31685–95.
Fucile E, Borghese F, Denti P, Saija R. Theoretical description of dynamic light scattering from an assembly of large axially

symmetric particles. J Opt Soc AmA 1993;10:2611–7.
Fucile E, Borghese F, Denti P, Saija R. Effect of an electrostatic field on the optical properties of a cloud of dielectric particles.

Appl Opt 1995;34:4552–62.
Fucile E, Denti P, Borghese F. et al. Optical properties of a sphere in the vicinity of a plane surface. J Opt Soc Am A 1997;14:

1505–14.
Fueglistaler S, Luo BP, Buss S. et al. Large NAT particle formation by mother clouds: analysis of SOLVE/THESEO-2000

observations. Geophys Res Lett 2002;29 (doi:10.1029/2001GL014548).
Fueglistaler S, Buss S, Luo BP. et al. Detailed modeling of mountain wave PSCs. Atmos Chem Phys 2003;3:697–712.
Fuller KA. Some novel features of morphology dependent resonances of bispheres. Appl Opt 1989;28:3788–90.
Fuller KA. Optical resonances and two-sphere systems. Appl Opt 1991;30:4716–31.
Fuller KA. Scattering and absorption cross sections of compounded spheres. I. Theory for external aggregation. J Opt Soc Am

A 1994;11:3251–60.
Fuller KA. Scattering and absorption cross sections of compounded spheres. II. Calculations for external aggregation. J Opt Soc

AmA 1995a;12:881–92.
Fuller KA. Scattering and absorption cross sections of compounded spheres. III. Spheres containing arbitrarily located spherical

inhomogeneities. J Opt Soc AmA 1995b;12:893–904.
Fuller KA, KattawarGW.Consummate solution to the problemof classical electromagnetic scattering by an ensemble of spheres.

I: Linear chains. Opt Lett 1988a;13:90–2.
Fuller KA, KattawarGW.Consummate solution to the problemof classical electromagnetic scattering by an ensemble of spheres.

II: Clusters of arbitrary configuration. Opt Lett 1988b;13:1063–5.
Fuller KA, Mackowski DW. Electromagnetic scattering by compounded spherical particles. In: Mishchenko MI, Hovenier JW,

Travis LD., editors. Light scattering by nonspherical particles: theory, measurements, and applications. San Diego:Academic
Press; 2000. p. 225–72.



388 M.I. Mishchenko et al. / Journal of Quantitative Spectroscopy & Radiative Transfer 88 (2004) 357–406

Fuller KA, Kattawar GW,WangRT. Electromagnetic scattering from two dielectric spheres: further comparisons between theory
and experiment. Appl Opt 1986;25:2521–9.

Fuller KA, Malm WC, Kreidenweis SM. Effects of mixing on extinction by carbonaceous particles. J Geophys Res
1999;104:15941–54.

Geller PE, Tsuei TG, Barber PW. Information content of the scattering matrix for spheroidal particles. Appl Opt 1985;24:
2391–6.

Gérardy JM,AusloosM.Absorption spectrum of clusters of spheres from the general solution of Maxwell’s equations. II. Optical
properties of aggregated metal spheres. Phys Rev B 1982;25:4204–29.

Gerding M, Baumgarten G, Blum U. et al. Observation of an unusual mid-stratospheric aerosol layer in the Arctic: possible
sources and implications for polar vortex dynamics. Ann Geophys 2003;21:1057–69.

Germer TA. Light scattering by slightly nonspherical particles on surfaces. Opt Lett 2002;27:1159–61.
GlatterO,HoferM. Interpretation of elastic light scattering data in real space. II. Nonspherical and inhomogeneousmonodisperse

systems. J Colloid Interface Sci 1988;122:484–95.
Gledhill TM, McCall A. Circular polarization by scattering from spheroidal dust grains. Mon Not R Astron Soc 2000;314:

123–37.
Goedecke GH, O’Brien SG. Scattering by irregular inhomogeneous particles via the digitized Green’s function algorithm. Appl

Opt 1988;27:2431–8.
González F, Videen G, Valle PJ. et al. Light scattering computational methods for particles on substrates. JQSRT 2001;70:

383–93.
Gordon HR, Du T. Light scattering by nonspherical particles: application to coccoliths detached fromEmiliania huxleyi. Limnol

Oceanogr 2001;46:1438–54.
Gosset M. Effect of nonuniform beam filling on the propagation of radar signals at X-band frequencies Part. II: examination of

differential phase shift. J Atmos Oceanic Technol 2004;21:358–67.
Guo J, Tsang L, Asher W. et al. Applications of dense media radiative transfer theory for passive microwave remote sensing of

foam covered ocean. IEEE Trans Geosci Remote Sens 2001;39:1019–27.
Gustafson B̊AS, Greenberg JM, Kolokolova L. et al. Interactions with electromagnetic radiation: theory and laboratory
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